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Abstract 
This paper exploits micro firm level data to examine the impact of spatial clustering and links to foreign 
buyer networks on firm performance in the wood furniture industry in Central Java, Indonesia. The 
analysis is based on an annual manufacturing survey. We identify the impact of specialization of the 
cluster, diversification, and links to foreign buyer networks. For this purpose, a production function 
framework is developed. The results lend support to the view that clustering of large and medium scale 
specialized firms improves firm performance, while clustering of small scale specialized firms and 
clustering of diverse firms are not conducive to firm performance. We also find a clear positive 
association between involvement in exporting activities and firm performance. 
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1. Introduction 
Location externalities, which are derived from industrial clustering, play an important role in fostering 
competitive advantages and overcoming growth constraints (Schmitz, 1999). Agglomeration theory 
stresses that the proximity of firms provides benefits, even though the views regarding the sources of the 
externality benefits are diverse among scholars in this field (see, for example, De Groot et al., 2009, and 
Melo et al., 2009, for meta-analyses on the empirical evidence of agglomeration externalities). Probably 
the best-known source of externalities was put forward by Marshall (1920) and was later formalized by 
Arrow (1962) and Romer (1986). This source is currently known as ‘MAR externalities’ after Alfred 
Marshall, Kenneth Arrow and Paul Romer. It emphasizes that knowledge accumulation is predominantly 
an industry-specific process which benefits from specialization and concentration in space. In contrast, 
Porter (1990) stresses that clusters enhance growth due to competition among specialized firms which 
stimulates them to innovate. Finally, Jacobs (1969) insists that agglomeration economies are obtained 
from the proximity of diverse firms.   
However, external benefits enjoyed by firms do not come merely from the spatial concentration of 
firms, but also from other factors such as linkages with external partners. There is some evidence of firms 
that perform well without being located in a local cluster (e.g., Shaver and Flyer, 2000). Several studies 
show that firms, especially in developing countries, can gain advantages by establishing a network with 
external actors, especially international players. The global value chain (GVC) and global production 
network (GPN) theories (Gereffi, 1999; Ernst and Kim, 2002) emphasize that a firm can benefit from 
integration in a global buyer value chain or production network. In addition, the foreign direct investment 
(FDI) theory developed by Dunning (1993) stresses that becoming a partner in the internationalization 
decisions of international firms may increase firm’s capability by providing access to technology transfer.  
Based on the argument that sources of externalities come from location externalities and 
international network externalities, we propose a simple integrated framework in which externalities cause 
technological progress and improved firm performance. The changes in technological capabilities can be 
analyzed in a simple production function framework. The production function reflects the specifications of 
the minimum input requirements needed to produce designated quantities of output, given the available 
technology. The traditional production theory emphasizes inputs that are directly related to outputs in the 
production process with certain technology, in which all of these factors are controllable by management. 
This theory disregards the external factors beyond the control of firms that influence the relationship 
behavior between input and output, and the technological progress. This paper aims to examine the impact 
of externalities on the performance of firms in the wood furniture industry in Central Java. For this 
purpose, production functions are estimated to analyze the effect not only of the agglomeration economies 
but also the network with international partners.   
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The analysis in this paper is conducted using annual manufacturing surveys from 1994 to 2003 
collected by the Indonesian Central Statistical Bureau.2 Section 2 describes the research hypotheses and 
Section 3 explains the research methodology. The profile of wood furniture firms in Central Java is 
described in Section 4. Results are presented in Section 5, followed by conclusions in Section 6.  
 
2. Literature review and research hypotheses  
 
2.1 Specialization  
The clustering of specialized firms offers benefits for firms inside the cluster that cannot be enjoyed by 
other firms. This notion goes back to the seminal work of Alfred Marshall and over time different 
mechanisms have been proposed and empirically tested. It is beyond the scope of this section to discuss 
this literature at length. All proposed mechanisms rely on the notion that clustering provides externalities 
and opportunities for joint action that can lead to increasing returns. Knowledge spillovers, opportunities 
for joint action and sharing a specialized labor force feature prominently in the list of arguments. 
Conceptually, these were neatly summarized by Duranton and Puga (2004) referring to the benefits of 
learning, sharing and matching. Based on these insights, we hypothesize that the clustering of the 
specialized firms has a positive effect on firm performance. More specifically, we will investigate whether 
the clustering of L&M specialized firms has a positive effect on firm performance and whether the 
clustering of small scale specialized firms has a positive effect on firm performance. 
 
2.2 Diversity  
In a strongly related line of research, several studies have documented that urban location provides 
benefits of the clustering of diverse firms. Research on the impact of urban location confirms that a city 
location increases firm productivity (Venables, 2005). Most research on the advantages of urban cities 
emphasizes the contribution of the advantages of labor (Glaeser and Maré, 2001). However, cities also 
create an environment conducive to innovation through knowledge spillovers (Acs, 2002). According to 
Webster and Muller (2000), the competitiveness offered by cities is derived from its unique economic 
structure, human resources, the institutional environment, and territorial endowments. Rosenthal and 
Strange (2003) argue that, despite labor market pooling, input sharing, and knowledge spillovers, cities 
also provide natural advantages, home market effects, consumption opportunities, and rent-seeking 
advantages. However, in many developing countries, cities have developed as centers of poverty and 
social collapse (Webster and Muller, 2000), as crime and violence increasingly affect the lives of the 
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people. Consequently, there is a tendency among some scholars to explore the potential of developing 
small cities (Rondinelli, 1983) giving rise to the fundamental question of optimal city size. In view of 
these arguments, our second hypothesis therefore is that the clustering of diverse firms has a positive 
effect on firm performance. 
 
2.3 Exports  
There is a plethora of research showing that exporting producers have higher productivity than non-
exporters (e.g., Aw and Hwang, 1995; Bernard and Jensen, 1995; Aw et al., 1997; Clerides et al., 1998; 
and Aw et al., 2000). The self-selection theory and learning-by-exporting provide important explanations 
for this better performance (e.g., Clerides et al., 1998; Bernard and Jensen, 1999). A study on Spanish 
manufacturing firms (Delgado, 2002) confirms the hypothesis that productivity for exporting firms is 
higher than for non-exporting firms. However, they find evidence supporting the self-selection argument, 
whereas learning-by-exporting is rather weak. Meanwhile, research on two new industrialized countries 
(Aw et al., 2000) provides different evidence. In Taiwan (China), self-selection models can predict 
variations in productivity, whereas in Korea no statistically significant difference is found in productivity 
between firms that enter or exit from the export market. As the majority of research indicates that firm 
exporting has a positive effect on firm performance, further research to test this thesis is needed. Our third 
hypothesis is therefore that an exporting firm performs better than a non-exporting firm. 
 
2.4 Foreign ownership  
The hypothesis that foreign-owned firms perform better than domestic firms is supported by much 
research (e.g., Asheghian, 1982; Kumar, 1984; Grant, 1987). Studies in the US (e.g., Doms and Jensen, 
1998; Howensteine and Zeile, 1994) provide evidence that the source of better performance in foreign-
owned firms is their significantly higher labor productivity than those remaining under domestic 
ownership, since these firms spend more in employee investments. Howensteine and Zeile (1994) argue 
that foreign-owned establishments are more capital-intensive and larger. Meanwhile, research in the UK 
(Griffith and Simpson, 2003; Criscuolo and Martin, 2003) gives the same results. According to Bellak 
(2004), the difference in performance between foreign firms and domestic firms is caused by differences 
in productivity, technology, profitability, wages, skills, and growth. Moreover, Douma et al. (2006) argue 
that the reasons for better performance are due to larger shareholding, higher commitment, and longer-
term involvement. The same results are also evident in research on developing countries. Studies in 
Indonesia (Arnold and Javorcik, 2005) support the above findings. Studies in developed countries provide 
evidence that better performance is due to the multi-nationality of the firm, rather than the nationality of 
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the firm owner, since foreign ownership is much less important. We hypothesize that foreign-owned firms 
perform better than non-foreign-owned firms. 
 
3. Research methodology 
 
3.1 Model specification 
We now turn to a discussion of the model specification used for the estimation. A production function is 
used to describe the transformation process in accordance with which inputs are transformed into output, 
taking into account the contributions of external factors to productivity (cf. Moomaw, 1983; Nakamura, 
1985). The analysis rests on a production function that relates the output of firms for a given sector in a 
region to a number of variables according to Y = A·f (L, K) where Y is output, A is technology (modeled in 
a Hicks-neutral fashion), L is labor, and K is capital. Typical examples of production functions often used 
are the so-called Cobb-Douglas and CES production function, the former being a restricted version of the 
latter. Examples of studies on agglomeration economies employing the Constant Elasticity Substitution 
(CES) function to examine the impact of externalities in the manufacturing industry are Alperovich (1980) 
and Calem and Carlino (1990). 
In this study we employ the CES production function. There are different versions of the CES 
function used in the literature, of which the Arrow et al. (1961) model specification has become the 
standard specification (see Klump and Preissler, 2000). The functional form adopted by ACMS is as 
follows: 
 ( )( ) ρµρρ αα −−− −+= itititit KLAY 1 , (1) 
 
where α is a distribution parameter, ρ is a substitution parameter, and µ captures the economies of scale. In 
this model the elasticity of substitution is estimated along with dummies for cluster factors and 
international linkages, characterizing the determinants of A (on which we elaborate below).  
In the case of a production function that is characterized by constant returns to scale, µ equals 1. 
The elasticity of substitution between K and L is equal to 1/(1+ρ). We typically assume that ρ > –1, to 
avoid the substitution elasticity from being negative. If the substitution elasticity is zero, the two input 
factors can be interpreted as perfect complements (the production function is then of the Leontief type). In 
the case of a substitution elasticity equal to 1, the production function is of the Cobb-Douglas type (viz. 
( )αα −
=
1
itititit KLAY ). The Cobb-Douglas production function used to be popular to estimate production 
functions, but this model is rigid in the sense that it implies that elasticity of substitution between capital 
and labor equals one by definition. In many cases this assumption is not fulfilled. For some conditions that 
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fulfill unitary elasticity of substitution, the Cobb-Douglas production function results are presented as 
comparisons (see Appendix). 
 
3.2 Modeling externalities 
As mentioned above, knowledge spillovers in a cluster are the source of dynamic externalities and play a 
critical role for cluster growth (cf. Glaeser et al., 1992). Due to knowledge spillovers, firms are able to 
improve their production technology at low costs as they can glean the knowledge from surrounding firms 
without having to pay for it. In an area in which firms – whether similar or different – are concentrated, 
people interact either in their own or in other sectors. The proximity of firms becomes important; it can be 
predicted that an area will grow faster than another less densely populated area. Proximity for firms 
potentially enhances their performance.  
Apart from knowledge spillovers due to firm proximity, there are also externalities from their 
contacts with an international network consisting of links with foreign buyers in exporting activities, and 
through ownership. The international network stimulates technological progress through a formal or 
informal transfer of technology that subsequently increases competitive advantages for firms. 
In order to estimate the four factors previously discussed, we model technology (see Glaeser et al., 
1992, for a similar approach). The level of technology Ait can be described in the following equation: 
 
Ait = g (specializationt , diversityt , international ownershipit , foreign ownershipit ) (2) 
       
In equation (2), specialization is a measure of concentration of an industry in an area, which according to 
MAR and Porter will increase the rate of technological progress. Diversity measures the variety of 
activities present in an area, which according to Jacobs, speeds up the technological progress. International 
market linkages increase technological progress due to upgrading (Gereffi, 1999); and foreign linkages, 
according to Dunning (1993), increase technological progress due to the internalization of knowledge.  
The degree of specialization is measured by firm density in the sector. In this analysis we 
distinguish between L&M-scale firm density and small-scale firm density. The degree of diversity is 
measured by the location of firms in urban or non-urban locations. Both indicators are sources of local 
externalities. The international network externalities variable measures whether the firm is exporting, and 
whether the firm has a foreigner partnership, or is foreign owned. Apart from those two groups of 
externalities, time trends also influence technological progress. In the sequel, we make several 
assumptions on Ait varying from constant over time and type of firms to full variation over time and type 
of firm.  
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In sum, a firm’s output is considered to depend both on factors internal to the firm (labor and capital) and 
on factors external to the firm, the letter being measured by agglomeration economies and international 
linkages, as identified by Ait. These external factors enable a firm to be more productive, since it can attain 
higher output using the same amount of internal resources. 
 
3.3 Data, measurement and final model 
We use the plant-level data from an annual manufacturing survey, collected by the Indonesian Central 
Statistical Bureau (BPS) in which the factory or plant is the unit of observation. Data on firm level 
production such as output (production value), labor, energy, export orientation, foreign ownership status, 
and district location are analyzed. To obtain data on proximity, the concentration of firms for each sub-
district is used.     
The output measure employed is production value, which refers to the total value of all products 
produced by a firm using a combination of production/input factors. Our input factors in this study are 
labor and energy. The energy data is used to substitute for capital, since complete data for machinery is 
unavailable. Energy expenses cover all types of fuel and energy to run machinery and equipment used in 
the manufacturing process.  
The inclusion of energy in estimating production functions is fairly common in the literature.3 
Concerning the relationship between capital and energy, the results of the studies vary. Berndt and 
Jorgenson (1973) find that energy and capital are complements; Pindyck (1979) shows that energy and 
capital are substitutable; Halvorsen and Ford (1979) show that energy and capital have either significant 
substitutability or have insignificant complementarity. Regarding the relationship between energy and 
labor, the findings also vary. Berndt and Wood (1975) find that energy is a substitute for labor, but that it 
is complementary with capital. However, Griffin and Gregory (1976) find that energy is a substitute for 
both labor and capital. Meanwhile, Kemfert (1998) reports that aggregate energy, capital, and labor are 
substitutes in German manufacturing.4 From BPS data, the correlation between energy expenses and 
capital is 0.61. This correlation coefficient is not as high as we expected, since there are many focus with 
incomplete coverage of the various types of capital. 
                                                 
3
 Studies by Cameron and Schwartz (1980), Field and Grebenstein (1980), and Denny et al. (1981) find differences 
in estimated substitution elasticities for energy across industries and countries. Walton (1981) finds differences in 
substitution across US industries. Burney and Al-Matrouk (1996) find substitution between energy and capital in 
electricity generation and water production in Kuwait. Barnett et al. (1998) show that electricity is a weak substitute 
for both capital and labor in major Alabama (US) industries. 
4
 According to Koetse et al. (2007) estimated technological substitution potential, known as Morishima elasticities, 
varies considerably over different studies (based on a meta-analysis covering more than 35 studies). The 
heterogeneity is mostly explained by essential differences in study characteristics, such as model specifications, data 
characteristics, regions, and time periods. Furthermore, they also found that Morishima elasticities are significantly 
different from zero for all regions and time periods, especially in the long-run. 
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Capital and labor are usually included as factors of production. Because the focus of this study is 
on the impact of externalities on firm performance, several variables relating to location and the 
international linkage effect discussed above will be added. These are firm density, urban location, 
exporting status and foreign-ownership. Moreover, in order to incorporate dynamic factors, the variable of 
time is included. 
The data on production value and energy expenditures are in rupiah (Indonesian currency). The 
value of rupiah changes over time due to the inflation effect. To correct for inflation, the wholesale price 
index (WPI based on the constant value of 19935) is used to get the real value of the variables in the 
analysis. Furthermore, we use the number of workers employed since information regarding the average 
number of working hours is not available. To capture the changes over time, we use year dummies.  
The sample of observations in this study is comprised of all furniture firms in Central Java that employ 20 
or more workers and are usually referred to as large and medium scale firms (L&M).6 The data file was 
compiled from Indonesian wood furniture manufacturing firms and collected via the annual manufacturing 
surveys of The Indonesian Central Statistical Bureau (BPS). The data was taken at the individual company 
level from 1994 to 2003, in which each year approximately 200–500 wood furniture firms were recorded. 
Note that the 1997-1999 years were characterized by a deep economic and political crisis. The BPS staff 
(a group trained for data collection) assembled the data.  
The variables used in this analysis are measured as follows: Production value is the real total 
value of products produced in a year (in thousand Rp); Labor is the average number of workers per 
working day in a year (in persons); Energy is the real total value of all fuels and energy expenses in a year 
(in thousand Rp). 
Location factors, international network factors, and time are treated as dummy variables:  
• DDens1 is a dummy for large and medium scale wood furniture firms’ density in one sub-district 
(kecamatan) which equals 1 when a firm has a coefficient for an L&M scale density > 0.5 and 0 
otherwise; 
                                                 
5
 The Indonesian Wholesale Price Index (WPI) applied here is WPI in the manufacturing sector based on a 1993 
constant price (1993 = 100). The 1993 constant price is computed, based on surveys conducted in 1993 in 126 cities 
in provincial and district government areas, using 373 commodities. WPI is classified into five groups; Agriculture: 
40 commodities; Mining: 8 commodities; Manufacturing: 183 commodities; Importing: 50 commodities; Exporting: 
46 commodities; Non-oil/gas: 43 commodities; Oil/gas: 3 commodities (BPS, 2002). The coefficient of WPI in the 
manufacturing sector from 1993 to 2003 is as follows: in 1993, the index was 100; in 1994 it was 110; in 1995 it was 
122; in 1996 it was 126; in 1997 it was 131; in 1998 it was 217; in 1999 it was 268; in 2000 it was 278; in 2001 it 
was 309; in 2002 it was 339; and in 2003 it was 354. The index for 1994 to 1997 is the author’s calculation, since the 
available data are only based on a 1983 constant price. In this calculation, adjustments were made to transform the 
1983 constant price into a 1993 constant price (Source: Indonesian Financial Statistics, The Bank of Indonesia, 
December 2004; August 2003; November 2002; and December 1999). 
6
 The classification used by the BPS is that medium firms employ 20 to 99 workers, whereas large firms employ 100 
or more workers.  
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• DDens2 is a dummy for small scale wood furniture firms’ density in one sub-district (kecamatan)7 
which equals 1 when a firm has a coefficient for an small scale firms’ density > 10 and 0 
otherwise; 
• Durb is a dummy variable for urban firms which equals 1 when a firm is a located in an urban area 
and 0 otherwise; 
• Dexp is a dummy variable for exporters which equals 1 when a firm is (partly) exporting and 0 
otherwise; 
• Dfor is a dummy variable for foreign-owned firms which equals 1 when a firm has foreign shares 
and 0  otherwise; 
• D94 to D03 are year dummies for the years 1994–2003. 
 
The final model that we estimate is as follows:          
 
 ( )( ) UrbititDensitDensititit DDDKLY 625142210 33 1lnln βββββββ ββ +++−+−= −−
 7 exp 8 9 94 18 03...........it forit i i itD D D D eβ β β β+ + + + + +         (3) 
 
The parameters relate to the parameters of the production function: β1 = – µ / ρ; β2 = α; β3  = – ρ. The 
parameter β0 represents the constant part of Ait. Parameter β4, β5, β6, β7 and β8 capture the part of Ait that 
varies over types of firms and β9 to β18 capture the time variation. In order to test whether the production 
function is constant returns to scale and the substitution elasticity equals 1, a Wald test is applied to check 
whether the µ = 1 and ρ = 0. 
 
4. The profile of the wood furniture industry in Central Java 
This section provides a short description of the wood furniture industry in Central Java. Although the 
industry consists of L&M scale, small scale, and micro scale firms, the L&M firms are presumed to 
represent the industry, since there is no data available for small scale for all the years and no data available 
for micro scale firms. Table 1 displays the development in the number of firms, number of workers 
employed, total production value, and the number of districts and sub districts where the L&M scale wood 
furniture firms are located.  
 
                                                 
7
 Dens1 represents large and medium scale firm density which is determined based on the number of large and 
medium scale wood furniture firms in a km2 area in a particular sub-district. However, Dens2 represents small scale 
wood furniture firm density which is determined based on the number of small scale firms per km2 area in a 
particular sub-district. The small scale firm data is taken from the small scale survey done by BPS in 2002. We used 
the growth rate of Jepara small firms to estimate number of small scale firms for other areas and for other years 
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Table 1. The development of L&M scale wood furniture firms in Central Java from 1994 to 2003 
Year # of L&M scale firms # of workers Real production   
(in million rupiah) 
# of coverage areas 
Total Medium Large Total  Total  Districts Sub-districts 
1994 220 176 44 19,534  178,315  21 52 
1995 339 286 53 25,120  229,259  25 67 
1996 419 346 73 30,655  335,633  24 75 
1997 447 346 101 37,169  540,489  25 80 
1998 464 349 115 50,957  874,879  25 75 
1999 500 383 117 49,667  696,538  27 79 
2000 507 385 122 48,712  639,336  27 92 
2001 483 359 124 50,378  679,368  26 88 
2002 483 372 111 42,570  458,982  28 89 
2003 448 340 108 39,614  432,950  25 75 
Source: own calculations based on BPS 2004. 
Note: data cover all L&M firms in all areas in Central Java. 
 
Table 1 shows that, from 1994 to 2000, the number of L&M scale firms in Central Java and the number of 
districts and sub-districts where the firms were located has expanded. The number of districts and sub-
districts has not changed much since 2000. The real total production value of L&M scale firms grew by 
almost 50% annually from 1994 to 1998, compared to a reduction of nearly 12% from 1999 to 2003. This 
growth occurred together with a 22% growth in the number of firms between 1994 and 1998, compared to 
a reduction of 0.6% from 1999 to 2003, whereas the labor employed grew by almost 27% between 1994 
and 1998, compared to a reduction of nearly 4.7% from 1999 to 2003. From 1997 to 1998 the wood 
furniture industry performed well, when many other Indonesian export products were affected by the onset 
of the economic crisis beginning in mid-1997. This industry enjoyed the devaluation of currency since the 
products became cheaper in the international market. 
A qualitative interview (held in 2007) with the officer from the provincial industrial office 
indicates that the trend of number of firms, number of workers, and production value after 2003 has 
tended to decline. The increase in competition from other Asian countries such as China and Vietnam, and 
the shortage in the wood supply nationwide are to blame as the causes of this decline. However, this 
change is also caused by changes in the world market demand which affect the industry and firms in all 
areas. By comparing different areas, the decline in terms of production value and number of workers 
occurred in all areas, but in relation to the number of firms, the decline in the number of L&M firms is 
found in Jepara, while the other clusters tend to increase. The isolated areas do not give a clear picture, 
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but nevertheless tend to decline. The spatial distribution of the number of L&M scale firms is described in 
Table 2.  
 
Table 2. Distribution of L&M scale firms in Central Java from 1994 to 2003 according to area 
Source: own calculations based on BPS 2004. 
 
The table reveals that more than half of the L&M scale firms are concentrated in Jepara, whereas about 
18% of the firms are spread out in about 20 districts and over 50 sub-districts outside Jepara. That means 
that about 18% of the firms are isolated. Jepara, Klaten, Sukoharjo, and Semarang City are the areas where 
L&M wood furniture firms are clustered. Jepara is the largest furniture cluster, whereas Klaten and 
Sukoharjo are much smaller. Despite the number of L&M scale firms, around 6,000 small scale firms are 
found in Jepara, 570 small scale firms in Klaten, and 158 small scale firms in Sukoharjo (BPS, 2004). This 
does not include micro-scale firms. However, small-scale firms are rarely found in Semarang City. 
Semarang City is the capital of the Central Java province and a major business center. But most 
importantly, it is also a port city for the export of wood furniture products. 
The description of the firms’ sizes in terms of average number of labor (lab) and average 
production value per firm (prod) can be seen in Table 3. 
Year Jepara Klaten Sukoharjo 
Semarang 
City Other Total 
 n % n % n % n % n % n % 
1994 145 65.9 11 5.0 6 2.7 8 3.6 50 22.7 220 100.0 
1995 234 69.0 15 4.4 9 2.7 11 3.2 70 20.7 339 100.0 
1996 286 68.3 13 3.1 13 3.1 29 6.9 78 18.6 419 100.0 
1997 306 68.5 13 2.9 17 3.8 29 6.5 82 18.3 447 100.0 
1998 322 69.4 13 2.8 26 5.6 26 5.6 76 16.4 463 100.0 
1999 330 66.0 32 6.4 27 5.4 30 6.0 80 16.0 499 100.0 
2000 312 61.5 36 7.1 27 5.3 32 6.3 100 19.7 507 100.0 
2001 281 58.2 49 10.1 30 6.2 32 6.6 90 18.7 482 100.0 
2002 261 54.0 50 10.4 38 7.9 33 6.8 101 20.9 483 100.0 
2003 235 52.5 51 11.4 40 8.9 41 9.2 81 18.1 448 100.0 
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Table 3. The development of firm size according to location  
Year Jepara Klaten Sukoharjo 
Semarang 
City Other Total 
 lab prod lab prod lab prod lab prod lab prod lab prod 
1994 64 450 139 921 155 885 142 626 134 1,853 89 811 
1995 58 486 96 663 101 560 163 1,090 104 1,264 74 676 
1996 60 623 107 727 102 575 117 825 95 1,496 73 801 
1997 70 881 111 1,648 106 1,641 123 1,082 110 2,320 83 1,209 
1998 87 849 95 2,398 89 841 168 2,911 167 3,415 105 1,429 
1999 77 672 54 618 93 677 171 2,959 157 2,192 95 1,050 
2000 72 750 63 986 119 1,442 154 1,872 160 2,708 96 1,261 
2001 75 627 48 599 148 945 169 2,619 190 2,844 104 1,190 
2002 72 532 48 514 115 867 166 2,292 114 1,828 88 948 
2003 69 567 50 523 109 889 167 2,327 120 1,736 88 963 
Source: own calculations based on BPS 2004. 
Note: Labor is measured as number of persons, whereas the production value is measured in millions of rupiah. 
 
As shown in Table 1, using the local classification of firm, the majority of firms, about 75% to 84%, are 
medium scale with a labor force of between 20 and 99 workers. The remaining firms employ more than 
100 workers, but rarely have more than 500 workers. Approximately 1 to 5 firms over the period of one 
year have over 500 workers. From the average number of workers and production value, the firms located 
in Semarang City and “other areas” are relatively large compared to the other districts. This evidence 
supports previous findings by Visser (1996), who states that small firms tend to be clustered, whereas 
large ones tend to be isolated or located in business centers. However, this study departs from Visser’s 
argument as it shows that, in isolated areas, firms tend to decrease in size as can be seen from the 
development of the average number of workers and the production value over time.  Moreover, the L&M 
firms are found clustered not only in Semarang City, but also in the less small scale density clusters of 
Klaten and Sukoharjo. 
 
5. Estimation Results 
This section describes the results of the estimation of the empirical analysis on the effect of 
cluster/agglomeration factors and international linkage factors on the production value of the large and 
medium (L&M) scale wood furniture firms in Central Java, Indonesia; it also presents the estimation of 
the production function and the interpretation.  
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5.1 Estimation of the production function 
The results of the estimations of the model are presented in Table 4, consisting of seven alternative 
specifications of our production function model. In specification (1), we estimate the relationship between 
input factors (labor and energy expenditure) and production value. In specifications (2) and (3), we only 
describe the effect of time with two different methods, using a linear time trend and year dummies, 
respectively. In specification (4) we test only the effect of different types of agglomeration economies. In 
specification (5) we test the effect of the international network. In specification (6), besides the effects of 
agglomeration economies, we include the effect of having an international linkage. In specification (7) we 
test the effect of agglomeration, international linkage, and time. The analysis is based on L&M wood 
furniture firms for the period 1994 to 2003.  
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Table 4. CES production function for production value 
 (1) (2) (3) (4) (5) (6) (7) 
Constant 7.51*** 7.48*** 7.40*** 7.41*** 7.63*** 7.54*** 7.43*** 
 (56.20) (56.10) (51.60) (59.60) (60.00) (62.20) (56.90) 
Economies of scale 1.05*** 1.05*** 1.05*** 1.05*** 1.02*** 1.01*** 1.01*** 
 (77.90) (77.90) (77.90) (75.60) (72.60) (70.20) (70.00) 
Substitution  –0.01 –0.02 –0.03 –0.06 –0.04 –0.08 –0.11 
 (–0.20) (–0.20) (–0.40) (–0.90) (–0.60) (–1.10) (–1.40) 
Distribution  0.75*** 0.75*** 0.76*** 0.77*** 0.77*** 0.79*** 0.81*** 
 (12.90) (13.00) (13.30) (14.7) (14.00) (15.40) (16.20) 
L&M density    0.24***  0.22*** 0.22*** 
    (8.50)  (7.90) (7.90) 
Small scale density    –0.01  –0.02 –0.02 
    (–0.2)  (–0.70) (–0.50) 
Urban    0.07  0.17*** 0.19*** 
    (1.40)  (7.60) (8.00) 
Exporter     0.22*** 0.09* 0.09* 
     (3.10) (1.80) (1.80) 
Foreign ownership     0.20*** 0.17*** 0.17** 
     (8.70) (2.60) (2.40) 
Linear time trend  0.01**      
  
(2.50) 
      
 1995   0.08    0.09 
    (1.30)    (1.40) 
1996   0.16 ***    0.15*** 
    (2.70)    (2.70) *** 
1997   0.19***    0.21*** 
    (3.20)    (3.60) 
1998   0.20***    0.22*** 
    (3.40)    (3.80) 
1999   0.14**    0.14** 
    (2.50)    (2.50) 
2000   0.18***    0.17*** 
    (3.10)    (2.90) 
2001   0.24***    0.29*** 
    (4.20)    (5.10) 
2002   0.13**    0.15*** 
    (2.30)    (2.60) 
2003   0.17***    0.15*** 
    (2.90)    (2.60) 
R2 0.70 0.70 0.70 0.71 0.70 0.71 0.71 
N 4176 4176 4176 4176 4176 4176 4176 
Wald Test µ = 1        
F-Stat 15.02*** 14.73*** 13.47*** 12.11*** 1.25 1.06 0.50 
Wald Test ρ = 0        
F-Stat 0.04 0.05 0.20 0.84 0.38 1.27 2.06 
Note: absolute t-statistics are between parentheses. Statistical significance is indicated with stars, with ***, **, * 
indicating statistical significance at 1%, 5% and 10%, respectively. 
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The results for our key parameters of interest reveal that the constant, µ, ρ and α change only slightly in 
the different specifications. All coefficients except ρ are statistically significant at a 1% level. µ is close to 
1 and ρ is close to zero, showing that the production function is constant returns to scale and that the 
elasticity of substitution between labor and energy is close to unity. The estimate of α equal to 0.80 
demonstrates the dominant role of labor compared to energy. The time variable produces a positive 
coefficient in the regression (significant at a 5% level in the CES form), suggesting some generalized 
improvement in productivity over the 10-year study period. The magnitude of this improvement, due to 
technological changes or improved methods and procedures is about 1% per year, but the improvement is 
prominent in specific years, especially in 1997, 1998, and 2001.  
The results on the impact of agglomeration and international linkages reveal interesting findings. 
Concerning L&M firm proximity, the results are consistent with the importance of localization 
externalities in which firms take advantages from the knowledge spillovers from other L&M firms, thus 
supporting the prediction of the MAR model. However, in regard to small firm proximity, the results do 
not support the MAR prediction, meaning that geographical specialization does not affect production 
value growth. In addition, concerning clustering of diverse firms, specification (7) shows a statistically 
significant effect, but from specification (5) the effect is not statistically significant. Therefore Jacob’s 
prediction that geographical diversity influences production value growth is not supported by our results. 
Meanwhile, when we examine the effects of international linkages, specification (7) shows that exporting 
firms have higher productivity. This is perfectly in line with recent evidence derived from micro-data. The 
impact of exports is reduced when we control for agglomeration effects pointing at the importance of 
sorting of productive international firms into high-density regions. Regarding foreign ownership, it is clear 
from specification (7) that foreign-owned firms have higher productivity, supporting Dunning’s argument.  
From these results we can predict that firms in an area with a high density of L&M scale firms 
have 22% higher productivity than the other firms; this coefficient is not much different when combined 
with international network factors. The productivity of firms located in small firm density is not 
significantly different from other firms. The productivity of firms in an urban area is insignificantly 
different from other firms, but they are 19% higher than their counterparts when combined with the impact 
of an international linkage. Without considering the international network and time factors, the 
productivity difference is not significant. However, the productivity increases when combined with the 
international network and time factors. Meanwhile, compared to cluster factors the role of an international 
linkage is stronger. For instance, after considering location factor, exporting firms are 9% higher in 
productivity than other firms; it declines from 22% when the impact of location (urban area or small scale 
firm density) are not accounted for. Foreign-owned firms are 17% higher in productivity than their 
counterpart, a slight decline from 20% when not considering location factors.  
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5.2 Interpretation 
The model proposed and tested in this study explains a substantial portion of the productivity differences 
between groups of firms over the 10-year period covered by the data. The fully specified model accounts 
for about 70% of production value variation. Probably most of the remaining variables are due to special 
factors, in particular factory factors, such as management or other factory-specific situations. From the 
result above, several important aspects need to be underlined. 
First, the dominant share of labor over energy described by the production function indicates that 
the wood furniture industry in Central Java is rather labor intensive. The positive elasticity of substitution 
between labor and energy denotes that the use of energy representing the use of machinery in the 
production process could, to a certain extent, be replaced by labor. Meanwhile, the constant returns to 
scale that characterize the production function implies that additional inputs produce proportionally more 
outputs. Producing traditional products, the wood furniture industry is characterized by low barriers to 
entry or exit from the industry, which also points to the high competition in the industry. In the L&M 
firms, the low barriers to entry can also be analyzed from the production value. A large gap exists between 
the largest and the smallest firms in this industry; numerous firms only produce in real value, about 20 
million rupiah a year, whereas the largest firms produce more than 4,000 times that of the smallest firms. 
In terms of labor, the largest firms employ more than 100 times the number of laborers employed by the 
smallest firms in this group. Noteworthy is that the production process (by most of the L&M firms) is 
supported by about 9,000 small scale firms scattered across the province but concentrated in Jepara that 
employ 5 to 19 workers. This number does not include the micro-firms, which have fewer than five 
workers. In other words, the technology applied by the firms in the wood furniture industry is 
heterogeneous; several large and medium firms apply relatively modern technology, but many medium 
firms use medium technology and are also supported by small scale firms that use very simple and 
traditional technology.  
Second, as hypothesized in Section 2, the co-location of firms indeed tends to stimulate the 
creation and diffusion of knowledge. From the statistical tests, we can conclude that firms located in a 
cluster with high L&M firm specialization are more productive. What is striking is that the proximity of 
small scale firms has no effect on the production value. The evidence presented above suggests that 
specialization of L&M firms – not specialization of small scale firms – contributes to productivity. There 
are at least two reasons that may explain this result. First, there is a technological gap between small scale 
firms and L&M scale firms, as discussed above, so that quality products made by small firms cannot fulfill 
the requirements of L&M firms. Second, L&M firms prefer to do business with medium sized suppliers 
rather than small scale suppliers, because it is more efficient; it means that L&M scale firms benefit from 
technological spillovers of other L&M scale firms but not from small scale firms. According to Shaver 
  
16
and Flyer (2000), firms with relatively more advanced technology, usually L&M scale firms, will obtain 
minimal benefits from access to technology from neighboring firms that have poor technology. 
Furthermore, firms located in urban areas do not differ markedly from firms outside the urban areas.  
Third, in Section 2 we hypothesized a linkage with foreign partners by being inserted in a global 
buyer value chain or being involved in an equity partnership, which increases firm performance. These 
two hypotheses – tested using the Central Java L&M wood furniture firm data – support the arguments. 
Being linked with foreign buyers or a foreign partner might function as an effective channel of knowledge 
diffusion and interactive learning, because they can provide a common knowledge base via product 
requirements or a transfer of specific technology. As a traditional industry, firms in the wood furniture 
industry can survive with a certain level of technology and rely largely on labor. However, increasing 
competition in the world market requires continuous upgrading, not only from the production process and 
product, but beyond. Wood furniture products are fashionable and customer demands change drastically 
over time. For firms, product development, especially in relation to the design and choice of technology, is 
important in giving a competitive advantage in the international market as well as within the domestic 
market in competing with imported products. Wood furniture firms therefore need to take advantage of the 
possibility of being inserted into global value chains or partnerships with foreigners.  
Meanwhile, the wood furniture industry during the period of observation is growing. From 1994 
to 2003, the production value of firms has increased significantly, ranging from 14% to 29%, compared to 
the production value in 1994. A profound increase occurred in 1997 and 1998, and particularly in 2001. 
During the 10 years of observation, the wood furniture industry in Central Java has grown on average 1% 
per year. However, when compared to the growth in world demand, the growth of the wood furniture 
industry in this region is relatively low. Similar to many Asian countries, the industry benefited from the 
Indonesian currency devaluation. In mid-1997 continuing to 1998, Indonesia was hit hard by the monetary 
crisis, in which the rupiah was devaluated against the US dollar by more than 300%; the ensuing reduction 
in the price of furniture products in the international market led to a soar in demand. In 2001, the 
Indonesian rupiah was devaluated once again, causing an increase in demand. The change in production 
value and the exchange rate is shown below in Figure 2. From this figure, we can observe that the wood 
furniture production value of L&M firms in Central Java is sensitive to changes in the exchange rate in the 
early phase of industry growth but it is less sensitive after 2001. Some internal and external factors that 
have been mentioned above explain the changes.  
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Figure 2. The pattern of development of US $ in rupiah and production value 
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To summarize, firms that are located close to L&M firms have higher productivity, in contrast to firms 
that locate near to small scale firms. Moreover, firms with well-established networks with foreign buyers 
or equity partnerships are more productive. 
 
6. Conclusion 
The aim of this paper was to test whether different types of agglomeration economies and involvement in 
the international network stimulate the performance of L&M wood furniture firms. Our empirical analysis 
shows that clustering of L&M specialized firms and linking to the international network by exporting, or 
by establishing foreign-owned partnerships increases the production value. The outcome suggests that 
firms are more productive when located in a region with a relatively high number of L&M wood furniture 
firms. Moreover, firms are more productive when linked to the international network in order to become 
exporters or when they build partnerships with foreign-owned firms. However, clustering small scale 
specialized firms, clustering diverse firms does not make any difference in productivity.  
The clustering of L&M specialized firms and international network linkages – in terms of exporter 
and foreign ownership – foster knowledge spillovers and thus firm performance. Knowledge spillovers 
from L&M sized firms are essential to the improvement of efficiency, which supports the MAR argument. 
Knowledge spillovers from an international linkage support the thesis of Gereffi and Dunning. 
Note that we have used a relatively crude measure of agglomeration economies and international 
linkages. A more in-depth examination might shed further light on how agglomeration and international 
linkage affect firm performance. In addition, more research needs to focus on the unraveling of the impact 
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of agglomeration economies and international linkage factors on firm performance. Our analysis shows 
these factors to have a highly-interrelated effect on the performance of firms. We believe that the 
geographical implications of these international linkage factors should be further explored empirically in 
order to gain a better understanding of their impact. Such an approach would most certainly benefit by 
taking a more dynamic perspective, in which the spatial evolution of an industry is analyzed in terms of 
the innovation and diffusion of competence. This research only begins to explore this issue existing in the 
research of industrial clusters.  
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Appendix. Results for Cobb-Douglas production function  
To provide more insight into the impact of externalities on firm performance and analyze the robustness of 
the results, this section carries out an alternative analysis using the Cobb-Douglas production function. 
The output of the Cobb-Douglas production function shows similar estimation results. The coefficients of 
estimation from seven alternative equations are presented in Table A.1. Specification (1) presents the 
results when external factors are not considered, specifications (2)–(5)  when the estimations partially 
consider externality factors and the time factor, specification (6) when all externalities are considered 
regardless of time, and specification (7) when external factors and time are estimated jointly.  
The table illustrates that the hypotheses that the sum of α and β is equal to one cannot be rejected 
in the last three joint equations. In general, the Cobb-Douglas specifications provide a good fit to the 
production value data of the wood furniture industry in Central Java. The table above examines the 
robustness of the findings by reporting the results in different equations. Note the similarity of the 
coefficients for all the variables except ln (L) and ln (K), regardless of the estimated functional form. 
Hypotheses tests show that the CES form is not significantly different from the Cobb-Douglas (at the 5% 
level).  
 
  
23
Table A.1. Results with Cobb-Douglas production function 
Specification 
  (1) (2) (3) (4) (5) (6) (7) 
Constant 7.48*** 7.46*** 7.35*** 7.32*** 7.56*** 7.43*** 7.29*** 
  (128.50) (126.40) (96.90) (106.70) (127.60) (105.20) (85.30) 
Labor 0.77*** 0.78*** 0.78*** 0.76*** 0.75*** 0.74*** 0.74*** 
  (37.60) (37.50) (36.90) (37.30) (36.40) (36.00) (35.70) 
Energy 0.28*** 0.27*** 0.28*** 0.29*** 0.27*** 0.27*** 0.27*** 
  (23.60) (22.60) (22.20) (23.00) (2.50) (21.40) (20.60) 
        
 L&M density       0.24***   0.22*** 0.22*** 
       (8.50)   (7.80) (7.90) 
 Small scale density       –0.01   –0.02 -0.02 
       (–0.30)   (–0.80) (-0.70) 
Urban area       0.08*  0.17*** 0.18*** 
       (1.60)   (7.50) (8.00) 
Exporter         0.22*** 0.10*** 0.10*** 
         (3.10) (2.00) (2.00) 
Foreign ownership         0.19*** 0.17*** 0.17*** 
         (8.70) (2.60) (2.50) 
Trend   0.01**           
   (2.50)           
1995     0.08       0.09 
      (1.30)       (1.40) 
1996     0.16***       0.15*** 
      (2.70)       (2.60) 
1997     0.19***       0.20*** 
      (3.10)       (3.50) 
 1998     0.20***       0.22*** 
      (3.30)       (3.60) 
 1999     1.40**       0.14** 
      (2.40)       (2.40) 
 2000     0.18***       0.16*** 
      (3.00)       (2.70) 
 2001     0.24***       0.28*** 
      (4.20)       (4.90) 
2002     0.13**       0.14** 
      (2.30)       (2.50) 
 2003     0.17 ***       0.15*** 
      (2.80)        (2.60) 
                
R2 0.70 0.70 0.70 0.71 0.70 0.71 0.71 
F-Stat 4986.54 3330.03 912.41 2073.71 2567.91 1513.75 668.45 
N 4307 4307 4307 4307 4307 4307 4307 
        
Wald Test α +β = 1       
F-Stat 15.15 14.92 13.98 12.66 1.50 1.32 0.78 
Prob 0.00 0.00 0.00 0.00 0.22 0.25 0.38 
Note: absolute t-statistics are between parentheses. Statistical significance is indicated with stars, with ***, **, * 
indicating statistical significance at 1%, 5% and 10%, respectively. 
